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SYNOPSIS Two soil stabilization treatments were performed on highly expansive clay in Fort Sam 
Houston San Antonio, TX, to reduce the potential for swell. Lime slurry pressure injection is conside~ed primarily a preswell treatment with some clay alteration. Chemical injection using a 
proprietary potassium based chemical is considered to alter the clay. Both treatments effectively 
reduced the potential for swell. 
INTRODUCTION 
Excessive differential movements of expansive 
clay soils commonly cause costly damages to 
structures.and pavements in the San Antonio, TX, 
area. A v~able method of reducing the 
differential movements to an acceptable level is 
to perform a suitable soil stabilization 
procedure. This paper describes the field test 
application of two soil treatment methods that 
have proven useful for stabilizing foundation 
soils: lime slurry pressure injection and 
injection of a proprietary potassium based 
chemical. In order to evaluate their 
effectiveness, both of these stabilization 
procedures were performed similar to those 
procedures used to stabilize soils supporting 
commercial structures and public buildings in 
the San Antonio area with slab on grade 
foundations. 
DESCRIPTION OF TEST AREA 
The soil stabilization treatments were performed 
during September 1991 in a flat test area 61 by 
113 m located adjacent to the obstacle course in 
Fort Sam Houston, San Antonio, TX, Figure 1. 
The lime slurry and chemical injections were 
performed in two 7.6 by 7.6 m square test pads 
located at opposite corners of the flat test 
area. Three borings of undisturbed 7.6 em 
diameter Shelby tube continuous soil samples 
were pushed into each pad down to the low 
expansive gravelly soil that underlay this area. 
These samples were obtained approximately two 
weeks prior to treatment and two weeks following 
treatment to provide specimens suitable for 
characterizing the soil and determining the 
effectiveness of each treatment. 
The gravelly soil, which was considered to have 
low expansion potential, was about 2.4 m below 
the ground surface at pad #1 where chemical 
injection was performed and 2.1 m below ground 
surface at pad #2 where lime injection was 
performed. Groundwater was not encountered in 
any of the boring holes. 
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The expansive soil stratum at this site located 
above the gravelly soil stratum is a gray-brown 
clay CH overburden with Atterberg limits and 
natural water content qiven in Figure 2. The 
natural moisture contents prior to treatment 
w~re dry o~ the plastic limits indicating a 
h~ghly des~ccated soil. The expansive soil is 
rated with high potential for swell from the WES 
classification system (TM 5-818-7). 



















WATER CONTENT, PERCENT 
Fig. 2. Plasticity Characteristics 












In order to measure the effectiveness of an 
injection technique for reducing swell it is 
necessary to measure the soil's tendency to 
swell both with and without treatment. Although 
numerous tests have been used to derive 
effectiveness of stabi.lization methods the most 
direct is a swell test. Swell tests are the 
industry standard for determining the 
effectiveness of injection treatments. 
The free swell test with only overburden 
pressure applied according to method B of ASTM 
D4546 was used to measure the potential swell of 
the soil before and after treatment and to 
determine the reduction of swell achieved by the 
soil treatment. The soil samples extracted from 
the Shelby tubes were trimmed down to fit in a 
standard consolidation ring. The samples were 
checked for Atterberg limits, as well as pre-
and post- swell moisture content in addition to 
measuring the swell. 
CHEMICAL INJECTION PAD 
Two passes of chemical injection utilizing a 
normal full strength concentration of chemical 
were injected at 345 kPa. Injection was 
conducted at a spacinq of 0. 9 m such that the 
final center-to-center spacing was approximately 
o. 6 m. The injection rods were augered into the 
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ground and the chemical injected at 0.3 m depth 
intervals through the hollow-stem augers until 
the gravelly soil was encountered or to a depth 
of 2.4 m. 
The amount of chemical injected into the soil 
was metered to allow the operator to dispense a 
quantity consistent with normal practice in the 
San Antonio area. The amount that is injected 
must be adequate to chemically alter the clay 
and reduce the potential for soil expansion to a 
sufficiently low level that the structure will 
perform adequately. 
The results of chemical injection, Fiqure 3, 
shows that this method reduced the potential for 
swell from 6 to 10 percent to less than 1 
percent. Two different laboratories performed 
the tests after treatment. Both pressure swells 
and free swells were used to measure swell. The 
pressure swells were used to measure the 
swelling pressure exerted by the clay soil. 
Free swells were used to measure the potential 
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Fig. 3. Change in Swell From Chemical Injection 
A plot of the Atterberg limits indicates that 
chemical treatment had increased the plastic 
limit, Figure 4. The liquid limit was not 
altered. The soil water content was also 
increased, Fiqure 5. 
LIME INJECTION PAD 
Four passes of lime injection at 325 to 1300 kPa 
were completed. Injection was conducted at a 
spacing of 1.5 m such that the final center-to-
center spacing was approximately 0.75 m. The 
mix contained approximately 0.2 g of lime per cc 
of slurry. The injection probes were 
hydraulically forced into the soil approximately 
0.4 m to achieve a seal, then slurry was 
injected until the mix was observed at the 
surface through fissures and previous injection 
holes. The operator would then force the probes 
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Fig. 4. Change in Plastic Limit From Ch~ical 
Injection 
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Fig. 5. Change in Water content From Chemical 
Injection 
another 0.4 m into the soil and the slurry 
injection repeated. Maximum depth of 
penetration was approximately 1.7 m. 
The results of lime injection, Figure 6, shows 
that swell was reduced from 5 to 7 percent to a 
range that varied from 5 to less than 1 percent, 
except for the data point of the test conducted 
at 1. 8 m by Laboratory #1. Laboratory #1 may not 
have observed a reduction in swell from the test 
of its sample because lime may not have actually 
entered the sample. 
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Fig. 6. Change in swell From Lime Injection 
Examination of the Atterberg limits shows that 
lime injection increased the plastic limit, 
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Fig. 7. Change in Plastic Limits From Lime 
Injection 
The soil moisture content was also increased by 
lime injection, Figure 8 
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Both treatments effectively reduced the swell of 
the soil, although to varying degrees. The 
chemical treatment is considered a direct 
stabilization method where mineralogical changes 
occur in the clay that reduce it's tendency to 
swell. Lime injection is considered a 
preswelling technique because, although some 
stabilization does occur, it is hard to 
quantify. Alteration of the soil is indicated 
in both cases by the increased values observed 
in the plastic limits. The injection treatments 
were also associated with an increase in the 
soil moisture content, which may have some 
influence on reducing the measured swells. 
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